In some plant species, bacterial contamination frequently occurs in in vitro culture. Also, in hydrangea (Hydrangea spp.), microbial contamination frequently occurs when their explants are cultured in vitro. We identified bacterial flora near hydrangea shoot apical meristems (SAMs) by analyzing their 16S ribosomal DNA (16S rDNA) sequences. Sequences of 16S rDNA fragments amplified from bacteria isolated from SAMs of 8 hydrangea cultivars were identical to those of 12 bacterial species. Because 1 to 9 bacterial species were detected only once in each cultivar, and we focused on bacteria that can colonize on Nutrient Broth medium, in this reserch we could not cover all bacterial species existing near SAMs. The appropriate chlorine concentration for sterilizing SAMs was decided using 'Miss Hepburn'. When shoot tips with stripped SAMs were dipped in chlorine solution with 0.0005%-0.5% available chlorine concentration for 30 min, no bacterial colony was observed in the treatment with 0.05% chlorine. From this result, direct exposure of the stripped meristem to chlorine solution is a suitable method for sterilizing hydrangea shoot tip culture explants, and the bacteria causing in vitro contamination in hydrangea shoot-tip culture are not endophytic but epiphytic. A successful method for in vitro culture of hydrangea was established using 8 hydrangea cultivars in Exp. 3 and in 7 cultivars, we could gain 5 to 19 viable plants from 20 cultured explants without bacterial contamination by sterilizing shoot tips for 30 min with a sterilization solution of 0.05% available chlorine concentration after removal of all but two pairs of leaf primordia. No viable explant was gained from 'Flambeau', so the chlorine concentration must be reconsidered to sterilize such cultivars that have chlorine-sensitive meristems. One hundred and thirty days after culture initiation, no contamination was observed and cultured explants grew sufficiently to be transplanted out of the bottle. Surface sterilization of the SAM can be applied for many plants in which bacterial contamination poses a big problem in shoot-tip culture.
Introduction
Bacterial contaminations are frequently observed from cultures of surface-sterilized explants (Hallmann et al., 1997; Kamoun et al., 1998; Kritzinger et al., 1998; Reed et al., 1998; Tanprasert and Reed, 1998; Zinniel et al., 2002) and, in many cases, these bacteria are considered as endophytes (Kado, 1992) . Many studies have document plants with endophytes that exist in the xylem, phloem, and other plant cells (Dong et al., 1994; QuadtHallmann and Kloepper, 1996) . In some plant species, bacterial contamination occurs in shoot-tip culture even when surface sterilization has been conducted (Bergmann et al., 1997; Mondal et al., 1990) .
When hydrangea (Hydrangea spp.) explants are cultured in vitro, microbial contamination frequently occurs (Cassells and Tahmatsidou, 1996) . In the case of shoot tip or node culture, almost all explants are contaminated with a white, pink or yellow bacterial colony ( Fig. 1A -C) within several days after culture initiation. In these cases, bacterial contamination occurs despite following the general method of surface sterilization with sodium hypochlorite. In hydrangea, even when small sizes of leaf primordia-free shoot apical meristems (SAMs) were cultured, almost all explants were contaminated with bacteria. On the other hand, bacterial contamination rarely occurs when internodes or leaf disks sterilized by the sodium hypochlorite method are used as explants for in vitro culture. These observations suggest that bacteria causing contamination in hydrangea culture exist near SAMs, and these bacteria are not endophytes but superficial bacteria; therefore, if bacteria that cause in vitro contamination are superficial, it is possible to avoid bacterial contamination by surface sterilization of the SAM. In Exp. 1, bacterial flora near hydrangea SAMs were identified using 16S ribosomal DNA (16S rDNA) sequences. In Exp. 2, the available chlorine concentration necessary for elimination of these bacteria was determined. In Exp. 3, we established a successful method for in vitro culture of hydrangea by surface sterilization of SAMs.
Materials and Methods
In Exp. 1 and 3, 8 hydrangea cultivars ('Masja', 'Otafuku', 'Grünherz', 'Flambeau', 'Madame Plumecoq', 'Miss Hepburn', 'Midoribana-ajisai', and 'Libelle') were used. In Exp. 2, 'Miss Hepburn' was used. At the Kyoto University experimental farm, all plants were grown in 51-cm-diameter pots filled with 40 L of medium composed of 75% Metro Mix 360 (Sun Gro Horticulture Distribution, USA) and 25% vermiculite (v/v) (Asahi Kogyo, Japan), under 25% full sunlight conditions. Hornotinous branches were used for all explants. All sterilization solutions were prepared by diluting a newly opened bottle of sodium hypochlorite (Antiformin, Wako Pure Chemical Industries, Japan) with distilled water to the indicated available chlorine concentrations.
Experiment 1. Identification of bacterial flora near hydrangea SAMs
To identify bacteria that cause contamination of in vitro cultures of hydrangea, bacterial flora near SAMs on 8 cultivars were identified using their 16S rDNA sequences (Weisberg et al., 1991) .
From September to October 2006, 3-4 cm shoots were harvested, and leaves that could be removed by hand were plucked. Shoots with 3-4 pairs of leaf primordia were surface sterilized with a sodium hypochlorite solution with 1% available chlorine concentration for 10 min. Because SAMs of hydrangea are densely covered by leaf primordia, the sterilization solution cannot reach the SAMs. Explants were then washed four times with sterilized water, and leaf primordia were removed under a stereomicroscope leaving one or two pairs of leaf primordia. SAMs with one or two pairs of leaf primordia (0.4-0.5 mm) were cut with a sterilized razor blade and placed on nutrient broth agar medium (NA). Five explants were used for each cultivar. The cultured medium were composed of 0.8% Nutrient Broth (Difco Nutrient Broth, Becton Dickinson and Company, USA) with 1.5% agar, autoclaved at 121°C for 15 min, and solidified in 9-cm-diameter Petri dishes. After adding the hydrangea shoot tips, the plates were incubated for 3 to 4 days at 28°C under dark conditions. Bacterial colonies were picked up with sterilized toothpicks and suspended in 1 mL of liquid nutrient broth medium. Then 1 μL of suspension was resuspended in 1 mL of liquid nutrient broth medium. The suspension was plated on the NA plates mentioned above. Isolated bacterial colonies were selected on the basis of colony color and texture. Direct polymerase chain reaction (PCR) was conducted for about ten to fifteen colonies of each cultivar. Bacterial isolates were picked up by sterile toothpicks and dipped briefly into the PCR mixture as a PCR template. The PCR mixture was composed of 0.1 μL of KOD dash polymerase (2.5 units/μL) (Toyobo Co. Ltd., Japan), 1 μL of KOD dash polymerase buffer, 1 μL of 2.5 mM dNTPs, and 0.1 μL of 20 mM primers specific for 16S rDNA (16S forward: 5'-AACGCGAA GAACCTTAC-3' (Zoetendal et al., 1998) Y. Kitamura, M. Hosokawa, C. Tanaka and S. Yazawa 420 and adjusted with sterile distilled water to 10 μL. For PCR, 7 μL of PCR product was electrophoresed on 1.5% agarose gel followed by staining with ethidium bromide and an about 450 bp band of 16S rDNA under UV light was confirmed. About PCR products that had about 450 bp band on electrophoreses, 3 μL of PCR product was used as a template for ligation to the pGEM-T Easy Vector (Promega Corporation, USA). Ligated vectors were introduced in Escherichia coli DH5-α competent cells. Transformed E. coli was proliferated in 1 mL of liquid Luria-Bertani (LB) medium for 16 h at 120 rounds per min at 37°C and plasmids were extracted using the Nucleospin Plasmid QuickPure kit (Macherey-Nagel GmbH & Co., Germany). For determining the sequences of 16S rDNA inserts, the reacted products using the GenomeLab DTCS Quick Start Kit (Beckman Coulter, USA) were sequenced by a CEQ 8000 Genetic Analysis System (Beckman Coulter) and BLASTn analysis (Altschul et al., 1990 ) was used for the homology search. For every hydrangea cultivar, sequenced bacterial clones were numbered. Phylogenetic tree for amplified 16S rDNA sequences and some bacterial 16S rDNA sequences (Aerobacter ureolyica
, Micrabacterium hominis (AM181504), Nitrospira moscoviensis (X82558), Pedobacter wanjuense (AM279217), Pseudomonas oryzihabitans (AM262973), Sphingomonas pseudosanguinis (AM412238), Spirochaeta bajacaliforniensis (AJ698859), and Streptomyces coelicolor (NC_003888)) was constructed by the neighbor-joining method (Saitou and Nei, 1987) .
Experiment 2. Determination of available chlorine concentration necessary for sterilization of hydrangea SAMs In Exp. 2, hydrangea 'Miss Hepburn' plant was used as explants. Five explants were used for each treatment.
Four sterilization solutions at 0.5%, 0.05%, 0.005%, and 0.0005% available chlorine concentrations were prepared. May 2007, 3-4 cm shoots were harvested. All leaf primordia, except a couple, were removed under a stereomicroscope to expose the SAM of hydrangea shoots. Shoot tips of 0.4-0.5 mm diameter were then excised using a sterile razor blade and dipped in 1 mL of each sterilization solution for 30 min. After each sterilizing treatment, the shoot tips were placed on the NA plate. The plates were then incubated for 4 to 5 days at 25°C under dark conditions. The methods for the isolation, selection and homology search of bacterial colonies are stated in Materials and Methods of Exp. 1.
Experiment 3. Avoidance of bacterial contamination by sterilization of hydrangea SAMs
For each treatment, hornotinous branches of 3-4 cm length were harvested. All but one or two pairs of leaf primordia were removed under a stereomicroscope and the explants were then dipped into a sterilizing solution with 0.005% (Cl 0.005% treatment) or 0.05% (Cl 0.05% treatment) of available chlorine concentration for 30 min. After sterilization of shoots, shoot tips with 0.4-0.5 mm diameter were excised and transferred to the root tips of cabbage (Brassica oleracea cv. 'Harunami') according to Hosokawa et al. (2004) to assist the growth of hydrangea shoot tips. They were cultured on the modified Knop medium, which medium has Knop's macroelements, containing 1 g·L (Ringe and Nitsch, 1968) . The modified Knop medium with 3% sucrose was solidified with 0.3% gellan gum. The pH was adjusted to 5.8 prior to autoclaving at 121°C for 15 min. After autoclaving, 5 mL of the modified Knop medium was solidified in a 6-cm-diameter Petri dish. In the control treatment, only leaves that could be removed by hand were plucked and the surface of the explants was sterilized for 10 min with sterilizing solution with 1% available chlorine concentration. Explants were then washed four times with sterilized water. Leaf primordia of sterilized shoots were removed under a stereomicroscope, leaving one or two pairs of leaf primordia. Shoot tips of 0.4-0.5 mm diameter were excised with a sterilized razor blade and were put onto the root tips of cabbage. In the Cl 0.005% and Cl 0.05% treatments, 20 shoots were used. In the control treatment, 15 shoots were used. An additional experiment was designed for increasing the viability of cultured shoot tips. Leaf primordia were removed under a stereomicroscope leaving two pairs of leaf primordia. Explants were then dipped into a sterilizing solution at 0.05% available chlorine concentration for 30 min. After sterilization, shoot tips with 0.4-0.5 mm diameter were excised and were put onto root tips of cabbage. Twenty shoots were used in this additional experiment. Two weeks after the initiation of shoot tip culture, the number of uncontaminated explants, both dead and uncontaminated viable ones, were counted. Uncontaminated viable explants were subcultured on the modified Knop medium after 2 months and cultured at 24°C under a 24 h photoperiod with 1600 lx illumination provided by cool white fluorescent tubes.
Results

Experiment 1. Identification of bacterial flora near hydrangea SAMs
By isolating bacterial colonies, several types of bacterial colonies (Fig. 1D, E) were isolated. Among isolated bacterial colonies, pink-pigmented colony or a yellow-pigmented colony was identified as Methylobacterium sp. and Sphingomonas sp., respectively. Their color characteristics were identical to those stated in other studies (Aken et al., 2004; Lidstrom and Chistoserdova, 2002; Yabuuchi et al., 1990) . From each cultivar, 10 to 15 bacterial colonies were isolated and sequences of 16S rDNA amplified from isolated bacterial colonies were 95-100% identical to 16S rDNA sequences of each bacterial species listed in Table 1 . There was no notable difference in bacterial flora among the cultivars used in this experiment. Phylogenetic tree of amplified 16S rDNA showed bacterial flora near the hydrangea SAMs was composed of wide range of bacterial species (Fig. 2) .
Experiment 2. Determination of available chlorine concentration necessary for sterilization of hydrangea SAMs
Bacterial contamination did not occur in the Cl 0.5% and Cl 0.05% treatments (Table 2 ). This result indicates that a 0.05% available chlorine concentration is enough to disinfect hydrangea SAMs. In the Cl 0.005% and Cl 0.0005% treatments, bacterial colonies were formed, and the sequence results of 16S rDNA amplified from each isolates exhibited high homology to 16S rDNA sequences of the each bacterium listed in Table 2 . There were three new bacterial isolates in this experiment, which were not isolated from shoot tips of 'Miss Hepburn' in Exp. 1.
Experiment 3. Avoidance of bacterial contamination by sterilization of hydrangea SAMs
In the control treatment, contaminated explants were observed at the rate of 33.3-80.0% depending on cultivars. All of the uncontaminated explants were dead because of the excessive sterilization (Table 3 ). In the Cl 0.05% treatment to the stripped SAMs, more uncontaminated explants were observed than in the Cl 0.005% treatment. More uncontaminated viable explants were also observed in the Cl 0.05% treatment than in the Cl 0.005% treatment except 'Grünherz' and 'Madame Plumecoq'.
In the additional experiment using SAMs with two leaf primordia, more contaminated explants were observed in almost cultivars compared to the Cl 0.05% treatment of the main experiment. It could be supposed that the two pairs of leaf primordia prevented the excessive intrusion of sterilizing solution to the SAMs. On the other hand, more uncontaminated viable explants (Fig. 3) were obtained from all cultivars except 'Flambeau' compared to the Cl 0.05% treatment of the main experiment (Table 3) . Viable explants grew up to plants with 4-5 pairs of leaves. One hundred and thirty days after the shoot-tip culture, no bacterial contamination was observed in viable explants grown in size enough to be transplanted out of the bottle. Some explants were transplanted to Nutrient Broth medium, but no bacterial contamination was observed after several weeks of culture (data not shown).
Discussion
The results of Exp. 1 indicate that various bacterial Fig. 2 ), exist near hydrangea SAMs. Cassells and Tahmatsidou (1996) studied bacteria on shoot tips obtained from 71 individuals of 19 hydrangea species collected in Ireland. They concluded that the origin of explants determines the bacterial flora on the shoot tips. The bacterial flora of hydrangea that they detected was different from the bacterial flora of horticultural hydrangea cultivars detected in Exp. 1, although the detection procedure was different, so, the difference cannot be discussed. For each cultivar, 1 to 9 bacterial clones were detected only once and we focused only on bacteria that can colonize on NA, so more bacterial species that could not be detected here are supposed to exist near hydrangea SAMs. In Exp. 2, although bacterial contamination did not occur in Cl 0.5% and Cl 0.05% treatments, various bacterial colonies were formed in Cl 0.005% and Cl 0.0005% treatments (Table 2) . A suitable chlorine concentration for bacterial disinfections seemed to exist between 0.005%-0.05%. Direct exposure of SAMs with 0.05% of available chlorine for 30 min would be an available method for hydrangea shoot tip culture. This result suggests that various bacteria detected in Exp. 1 causing in vitro contamination are not endophytic but epiphytic. In addition, three new bacterial isolates were Variovorax sp. 1 Table 3 . Number of bacterial contaminated explants and un-contaminated viable explants in each treatment.
z Without removing leaf primordia, surface of explants was sterilized with sterilizing solution with 1% available chlorine concentration for 10 min. Washed 4 times with sterilized water. Leaf primordia were removed under a stereomicroscope leaving one or two pairs of leaf primordia. Shoot tip was excised and put onto root rip of cabbage.
y Leaf primordia were removed under stereomicroscope until shoot apical meristem was exposed (leaving one or two pairs of leaf primordia). Explants were then dipped in sterilizing solution with 0.005% (Cl 0.005% treatment) or 0.05% (Cl 0.05% treatment) available chlorine concentration for 30 min. After sterilization, shoot tip with one or two pairs of leaf primordia was excised and put onto root tip of cabbage. Additional experiment, SAMs with two pairs of leaf primordia were put onto root tip of cabbage. not isolated from 'Miss Hepburn' in Exp. 1. As mentioned in the first section of discussion, it is suspected that there are many more bacterial species, besides those listed in Exp. 1, surrounding the SAMs of hydrangea. As some studies have reported that the harvest time of explants affects the occurrence of contamination (Hohtola, 1988) , the difference of culture seasons may partly explain the difference of bacterial flora between Exp. 1 and 2, that is, Exp. 1 was conducted in September to October 2006, whereas Exp. 2 was conducted in May 2007. In Exp. 3, if the SAM was completely covered by several pairs of leaf primordia, contamination could not be prevented despite the explants being dipped in a sterilization solution with 1% available chlorine, which is a strong sterilization solution. Bacterial species existing near the SAM surface could not be sterilized because the sterilization solution might be blocked by leaf primordia. For explants in which the SAM had been exposed to sterilization solution, 0.05% available chlorine concentration was enough to clean hydrangea shoot tips (Table 3 ). This result supports the results of Exp. 2. Cl 0.05% treatment is a little harsh but not fatal to explants, and is suitable for sterilization (Table 3) . To obtain viable explants, Cl 0.05% treatment is considered effective. In the additional experiment, 0.05% concentration was used to sterilize of the shoot tips with two pairs of leaf primordia. In this experiment, 5-19 viable plants without contamination could be acquired, except from 'Flambeau'. It could be supposed that, in the main experiments with Cl 0.05% and 0.005%, the uncontaminated viable plants regenerated from shoot tips with two pairs of leaf primordia. From this supposition, shoot tips with two pairs of leaf primordia were used as explants in the additional experiment. In conclusion, we can avoid bacterial contamination and obtain viable explants by sterilizing for 30 min with sterilization solution with 0.05% available chlorine concentration after removal of all but two pairs of leaf primordia. In some cultivars, like 'Flambeau', uncontaminated viable explants could not be obtained. For cultivars sensitive to the available chlorine, further study on alternative bactericides should be conducted and, in such cases, the information from Exp. 1 will help in the selection of bactericides. When shoot-tip culture is used in order to eliminate virus or viroids, all leaf primordia should ideally be removed. In these cases, SAM culture using in vitro uncontaminated plants will be effective.
Endophytes are usually suspected when contamination frequently occurs in in vitro culture (Kritzinger et al., 1998; Reed et al., 1998) . In hydrangea plants, bacterial contamination could be avoided by surface sterilization of SAMs that could not be sterilized by the method usually used for shoot tip culture. This suggests that many bacterial species, which exist on SAMs (Table 1) , are not endogenous, but superficial. Surface sterilization of SAMs can be applied for many plants in which bacterial contamination poses a big problem in shoottip culture.
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